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THE PATENT OFFICE 

lUrUi tUl' Uicauuu^ u&c <iiiu muic paiuvu- 

larly for use in work, such as emergency 

15 or rescue work, or in mines, where in use 
the apparatus, usually a portable pack, is 
shifted and held in various positions with 
reference to its normal vertical position, such 
as when carried on the back of a miner 

20 crawling up a slope in the mme. 

One aim of this invention is to pressurize 
the liquid air or oxygen in the supply con- 
tainer by gas developed from the container 
liquid, by taking advantage of the high 

25 ratio of expansion of the liquid to gas, which 
in the rase of liquid ak is 630 to 1. An- 
other aim of the invention is to prevent 
the returned gas from being recondensed 
into the liquid thereby to destroy its pressu- 

30 rizing effect and impair the explusion of the 
liquid for breathing purposes. A further 
aim of this invention is to expel a large 
total amount of the liquid regardless of 
die angular position of the container between 

35 its normal upright position and its hori- 
zontal position, so as to render available 
for breathing purposes the largest practic- 
able amount of the liquid. 
Accordingly fliis invention provides appa- 

40 ratus for converting liquid air or liquid 
oxygen into gaseous form, which apparatus 
comprises (1) a liquid air or liquid oxygen 
container ha^ng a liquid outlet member and 
\W 
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positions of the container between its normal 
upright position and its horizontal position, 
the gas inlet member is adapted to discharge 
gas into a space above liquid air or liquid 60 
oxygen in the container and thereby avoid 
recondensing the gas in the liquid air or 
liquid oxygen, and the liquid outlet mem- 
ber is adapted to expel the maximum total 
quantity of the liquid air or liquid oxygen 65 
in the container. 

The apparatus of the invention may have 
a liquid outlet conduit communicating with 
the liquid outlet member, means for convert- 
ing a part of the liquid air or hquid oxy- 70 
gen in the liquid outlet conduit into gas for 
breathing purposes, a gas pressurizing con- 
duit communicating with the gas inlet, mem- 
ber, means for converting a part of the 
liquid air or liquid oxygen in the liquid 75 
outlet conduit into gas and conducting such 
gas to the gas pressurizing conduit, and 
means actuated by gravity to move the liquid 
outict to its lowest point and the inlet to its 
highest point within the container when the 80 
container is in angular positions between 
its normal upright position and its horizontal 
position. The gravity actuated means may 
be a weight fixed to the liquid outlet mem- 
ber. g5 

A preferred arrangement is one in whicli 
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a gas inlet member connected together and 
so.arranged that, no matter how the con- 
tamer is oriented between its norma! upS 
pos bon and its horizontal position the 
liquid outlet is always at the low?poS? 
of Je container and the gas inlet is alS 
atjhe highest point, and (2) means for^n 
vertmg hquid air or liquid oxy|en w^h 
drawn from the contaSer into eas?nd 
aS®,h^''* 9^ to the Saine? 
SeT^?ii¥' '^}^^ T""'^'' the arrange' 
ment of the hquid outlet member and the 55 

SS!^^'^' '""'^ that in anguS ' 
pos tions of the container between its normal 
upright position and its horizoS pS? 
the gas inlet member is adapted to dis^S 

oxygen in the contamer and thereby avoirt 
recondensing the gas in the KqSd air or 
liqmd oxygen, and the liquid St mem 
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the liquid outlet member projects radially 
from a swivel joumalled on the bottom 
of the container; in which the gas inlet naem- 
ber projects radially from a swivel jour- 

5 nailed on the top of the container; and m 
which there is means connecting the swivels 
to compel them to rotate in unison. The 
swivels may be concentric and a rod may be 
fixed at its opposite ends to the swivels to 

10 compel them to rotate in unison. The oppos- 
ing necks may be provided on the swivels 
concentric with their axis of rotation and 
the rod may then be in the form of a thin- 
walled hollow tube with its opposite ends 

15 embracing and fixed to the necks. 

Apparatus in accordance with the mven- 
; tion in the form of a portable pack is 
simple and extremely reliable in operation 
and is not subject to breakdown or mal- 

20 function. a 
So that the invenuon will be better under- 
stood an example in accordance with it will 
now be described with reference to the 
accompanying drawings in which : 

25 Figure 1 is a schematic representation of 
a breathing pack embodying the present in- 
vention; . , 1 

Figure 2 is an enlarged central longitu- 
dinal section through a container for the 

30 liquid air or oxygen included in the breath- 
ing pack. . 

The invention is essentially concemea 
with the mechanism contained within a 
double walled container or bottle indicated 

'\5 generally at 5 and containing a body 6 of 
liquid air or liquid oxygen for breathing 
purposes. This container is included in a 
portable pack designed generally by the dot- 
dash line 8 and which can be strapped to the 

AO back of the miner or other user. A gas head 
9, derived from the liquid 6 as hereinafter 
described, is used to pressurize the bottle 

The liquid air or oxygen 6 is withdrawn 
45 from the container or bottle 5 through a 
liquid outlet conduit 12 which has a branch 
13 containing a fill valve 14 and having a 
filling connection indicated generally at 15. 
The liquid air or oxygen from the liquid 
50 outlet conduit 12 is converted into gas for 
breathing purposes by passage through a 
heat exchanger or heater 16 and the outlet 
line 18 which connects with a fitting 19 
forming part of a quick disconnect indicated 
55 generally at 20. The other part 21 of this 
" ' quick disconnect has a flexible line 22 lead- 
ing to a face mask (not shown) of the miner 
or other user. 
In the practice of the present invention 
<)() a part of the liquid air or oxygen from the 
liquid outlet conduit 127 is converted into 
gas and this gas is used to pressurize the 
double walled container or bottle 5 by being 
admitted into the gas head 9 above the 
65 body 6 of liquid in the double walled con- 


tainer or botfle 5. To this end a branch 
line or pipe 25 from the liquid oudet con- 
duit 12 connects with the inlet of a build- 
up heating coil 26. the outlet line 28 of 
which contains a valve 29 and connects with 70 
the inlet of a pressure regulating valve indi- 
cated at 30. This pressure regulating valve 
has a relief valve 31 discharging into the 
atmosphere and its outlet line 32 connects 
with a gas pressurizing conduit 33 having 7.') 
a vent valve 34 and leading to the gas head 
9 in the top of the double walled container 
or bottle 5. Desirably the breathing pack 
also includes a restrictor 35 in the liquid 
outlet conduit 12 between the branch line m 
25 and the heat exchanger 16; an accumu- 
lator tank 36 followed by a supply valve 37 
in the line 18; a check valve 38 in the branch 
line 25 in advance of the build-up coil 26 
and a relief valve 39 in the line 28 follow- 85 
ing this build-up coil 26. ^ 

The double walled container or bottle 5 is 
preferably of cylindrical form with its axis 
normally arranged upright and includes an 
inner cylindrical shell 40 having an upper 90 
end 41 and a lower end 42 and a concentric 
outer cylindrical shell 43 having an upper 
end 44 and a lower end 45. The space 46 
between these shells can contain insulation 
(not shown). This insulation is preferably 95 
a pure vacuum or in the form of super- 
insulation, that is, alternate layers of porous 
paper and reflective foil. 

To withdraw the liquid air or oxygen 
from the bottom of the double walled con- 100 
tainer or bottle 5, the liquid outlet con- 
duit 12 connects with a fitting 48 extending 
through and secured, as by welding, to the 
lower end 45 of the outer shell 43 and con- 
nected by a pipe 49 in the space 46 with a \0S 
fitting 50 extending concentrically through 
the lower end 42 of the inner shell 40. This 
fitting 50 has a bore 51 extending down- 
ward from the top of the fitting concentric 
with the axis of the inner container 40 and 1 10 
communicating at its lower end with the 
oudet pipe 49 leading to the liquid outlet 
conduit 12. An important feature of the 
invention resides in the bore 51 of the 
fitting 50 serving as bearing for a swivel 115 
52. This swivel has a depending stem 53 
joumalled in the bearing bore 51 and has a 
vertical bore 54 extending upwardly from 
its bottom. The upper end of this bore 54 
communicates with a liquid oudet tube 55 120 
secured to and extending laterally outwardly 
from the swivel 52 and having its outer open 
end 56 arranged close to the juncture of tiie 
side wall of the shell 40 and its bottom 
end 42. The outer end 56 of this tube 55 125 
also carries a weight 57 for a purpose which 
will presently appear. 

The swivel 52 has an upstanding con- 
centric neck 58 secured as by a pin 59, 
to a thin walled tube 60. This tube is 130 
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arranged concentricaUy of the inner sheH 40 
and Its upper end is secured, as by a nin 
61. to the depending neck 62 of a sw^S 

S Mn.?",' •'^'"'^ ^3 ^ upstandtog neck 
J? 7^"^ Journalled in the open tower S 
of a bore 65 of a fitting 66 extendins 
oentncaUy through and secured, a? VwdJ 
mg, to the upper end 41 of the innerS 
m 1 ^""'^^^ 63 has a bore 68 which 

10 open at its upper end and at its lom end 
TST ^ Sas pressurSS tube 
wardlv ?ra^ ^^^^I'^i^B laterally out- 
w^rdly from the swivel 63. The onen out 

15 ^"'^ presses tute 

iS 69 s arranged to swing close to thVl^n! 

- 20 ^"^'^^ Sas pressurizing tube 69 

pact In the heat Sai^rt hLeAftf 
; shown) of the user 
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or the gas pressurizing tube 69 to a. 

5? f rSf'S,^*'^ '^'^ ^^'^J^Sl J' 70 
^ a result, the mcommg gas fmm *i« 

gas pressurizing tube 69 emplwed to nrS 

important feature of »h! • ^ 

the^^incomiigS ilil LTf ^'^J* ^'^^ ^ 
body 6 of lioSd ^ff „r™'^"'^ "ito the 

recoWKqStom^ai^^^^^^^^^ 
vide the necessary pr«sS?S;?l*°.P^**- 
shen 40. Ther7if a «n *^ 
of liquid air into Ls fo™ f ^^'''^^ 
basis for presSS tt^' this being the 

provide aSS Si5 stSv'^«''°^^ ^ ^« 85 
expel the liquid^r or'oxS 

invTntfon^Sr^ffK^'f^"^ °* 
within the L^^ea 4tJ°7^'^ ^"^^ 

Its normal unnoiif ™® ^ between 

zontal positir'" P"'""*" hori- 95 

ticSari? aJpSbA?'' P-'- 
used by iniSs or o!L^"" F"''^' ^ be 
required to work fn ^.i,^"^' ^^'> are 

body positions T^wien a S J? "^^j^* 
to crawl along a sto^ in ^ ' '^"^^ 
when this occuns . • Thus. 

walled conS 5 i? brSt1*^ ''"""^ 
position with referenL ° ?° 

this occurs thTSt ^"^'^*^'- ^hen 105 
56 of the liqufdTuS Sb^S?" 
outer end to the ?n«,«r swings this 
the inner shdl S so^W ^^'^''^^ 
small amount of linL*^* ^''^^ ^n^V a 
left within this hmSell if ^.i^^^Sen 6 is i 10 
to the miner in ' be supplied 
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gas head 9 thereabOTe thk t-'' ."'"^mum US 
weighted liquid outll^tl. *e 
tube 60 connmin? th.^^^ 55. through the 
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pressurizing tube 69 trtrt.» Z-,-®^ *^ gas 
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gas head 9 until such time as the end 70 
becomes immersed in the liquid air or oxy- 
gen. Obviously, the point at which the 
end 70 becomes immersed in the liquid air 
5 or oxygen depends on the amount of liquid 
air or oxygen in the container and on the 
precise shape of the container. 

WHAT WE CLAIM IS : — 

10 I. Apparatus for converting liquid air or 
liquid oxygen into gaseous form, which 
apparatus comprises (1) a liquid air or liquid 
oxygen container having a liquid outlet 
member and a gas inlet member connected 

15 together and so arranged that, no matter 
how the container is oriented between its 
normal upright position and its horizontal 
position, the liquid outlet is always at the 
lowest point of the container and the gas 

20 inlet is always at the highest point, and 
(2) means for converting liquid air or liquid 
oxygen withdrawn from the container into 
gas and returning part of the gas to the con- 
tainer through the gas inlet member, the 

25 arrangement of the liquid outlet member 
and the gas inlet member being such that 
* in angular positions of the container between 
its normal upright position and its hori- 
zontal position, the gas inlet member is 

30 adapted to discharge gas into a space above 
liquid air or liquid oxygen in the con- 
tainer and thereby avoid recondensing the 
gas in the liquid air or liquid oxygen, and 
the liquid outlet member is adapted to ex- 

35 pel the maximum total quantity of the liquid 
air or liquid oxygen in the container. 

2. Apparatus according to claim 1^ in- 
cluding a liquid outlet conduit communicat- 
ing with the liquid outlet member, means 

40 for converting a part of the liquid air or 
liquid oxygen in the liquid outlet conduit 
into gas for breathing purposes, a gas pressu- 
rizing conduit communicating with tihe gas 


inlet member, means for converting a part of 
the liquid air or liquid oxygen m the liquid 45 
outlet conduit into gas and conducting such 
gas to the gas pressurizing condiut, and 
means actuated by gravity to move the 
liquid outlet to its lowest point and the gas 
inlet to its highest point within the con- w 
tainer when the container is in angular posi- 
tions between its normal upright position 
and its horizontal position. 

3. Apparatus according to claim 2 m 
which the gravity actuated means is a weight 
fixed to the liquid outlet member. 

4. Apparatus according to claim 2 or 
claim 3 in which the liquid outlet mem- 
ber projects radially from a swivel jour- 
nailed on the bottom of the container; m w 
which the gas inlet member projects radially 
from a swivel joumalled on the top of the 
container; and in which there is means ' 
connecting the swvels to compel them to 

rotate in unison. a - 

5. Apparatus according to claim 4 m % 
which the swivels are concentric and a 

rod is fixed at its opposite ends to the 
swivels to compel them to rotate in unison. 

6. Apparatus according to claim 5 in 70 
which opposing necks are provided on the 
swivels concentric with their axis of rota- 
tion and in which the rod is in the form 

of a thin-walled hollow tube with its oppo- 
site ends embracing and fixed to the necks. 75 

7. Apparatus according to claim 1 sub- 
stantially as herein described with reference 
to the accompanying drawings. 
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